Objective. Endosonography (EUS) performed prior to endoscopic retrograde cholangiopancreatography (ERCP) or surgery in patients with a low to moderate probability of choledocholithiasis can reduce morbidity, mortality and costs.
INTRODUCTION
Radial endosonography (EUS) combines two modalities, endoscopic visualization and high-frequency ultrasound, thus providing an advantage over other imaging techniques when showing the individual layers of the gastrointestinal tract.
Choledocholithiasis, the presence of gallstones in the common bile duct, is a common biliary tract disease. The symptoms may include biliary colic, jaundice and itching, including complications such as cholangitis or acute biliary pancreatitis.
When suspecting choledocholithiasis, the initial diagnostic method used is transabdominal ultrasonography (TUS), beneficial for its wide availability, noninvasiveness, absence of radiation and low costs. However, TUS is capable of complete visualization of the extrahepatic bile duct in only 60-80% (ref. 1, 2 ) . Moreover, clinical studies have suggested low sensitivity (25-82%) and limited specificity (56-100%) of TUS when detecting bile duct stones [2] [3] [4] [5] [6] . It's reported positive and negative predictive values are 69% and 78%, respectively 7 . The wide ranges of percentage may be partly explained by its dependence on the investigator's practical skills and experience.
Endoscopic retrograde cholangiopancreatography (ERCP) is one of the gold standards in the diagnosis and treatment of bile duct stones. ERCP is invasive method which can cause complications in 3-6% of cases [8] [9] [10] or in as many as 5.3-6.5% of cases following papilla sphincterotomy 11 . Potential complications include acute pancreatitis, perforation, bleeding or sepsis, with lethal complications being present in 0.1-1.3 % of cases [12] [13] [14] [15] [16] . Such a risk is unacceptable for patients with low to moderate probability of bile duct stones. The advantages of ERCP are the possibility of performing sphincterotomy and basket or balloon extraction of bile duct stones. On the other hand, a small stone may be missed in the very dilated common bile duct. According to the available literature, the sensitivity and specificity of ERCP in detecting choledocholithiasis are 79-93 % and 92-100%, respectively 3, [17] [18] [19] [20] [21] . Although EUS is also investigator-dependent, it is unparalleled for the intimate relation between the ultrasound probe and the investigated area. In a large number of studies published, the sensitivity and specificity of EUS in detecting bile duct stones were found to be 88-97% and 93-100%, respectively 2, [18] [19] [20] [21] [22] [23] [24] . As the ultrasound probe is only 1-2 cm far from the bile duct, very detailed images are possible. This, together with safety and absent radiation, makes endosonography an excellent method for examining the bile duct and gall bladder. Using EUS, small stones, bile sludge and even microlithiasis may be detected. In most cases, choledocholithiasis may be identified as round linear hyperechoic structures with distinctive acoustic shadows.
The extrahepatic bile duct may be completely visualized by EUS in 96 % (ref.
2 ). EUS is a minimally invasive procedure, especially beneficial in patients with low to high probability of stones detected in the bile duct 25 . In such cases, it should be used as the method of choice to ERCP or bile duct exploration surgery (either open or laparoscopic) which may increase the risks, morbidity and patient costs.
Our aim was to study a group of 100 patients diagnosed with extrahepatic biliary obstruction to assess the benefits and accuracy of radial endosonography in comparison with transabdominal ultrasonography and ERCP.
MATERIAL AND METHODS
Between May 2006 and March 2008, a total of 100 patients were enrolled in the study, 49 males (49%) a 51 females (51%) aged 31 to 87 years (mean age 63±13). Of those, 31 patients underwent cholecystectomy. The patients were investigated according to an algorithm approved prior to the study. All patients signed informed consent to all the planned diagnostic procedures.
Patients suspected of having bile duct obstruction were included in the study based on their history, physical examination and laboratory test results. They were divided into two main groups: icteric or anicteric cholestasis.
The study was carried out by 4 working groups, with one experienced physician in each. The first group processed the initial data including history, physical examination and assessment of laboratory markers of cholestasis (gamma-glutamyl transferase, alkaline phosphatase -ALP, total bilirubin, direct bilirubin, alanine aminotransferase / ALT/ and aspartate aminotransferase levels /AST/).
The second working group used standard transabdominal ultrasonography to examine patients who met the criterion of at least six hours of fasting. TUS was performed using the Aloka ProSound SSD Alpha 5 ultrasound system. The sonographer tried to obtain as accurate an image of the entire bile duct as possible, measure its diameter with a cursor, detect heterogeneity of the common bile duct content, visualize the gallbladder, hepatic hilum and head of the pancreas.
The third group examined the pancreas and biliary tree using radial endosonography, always prior to ERCP. There was no exact time interval between the two procedures carried out during a single session within 24 h except for weekends. Patients who failed to meet the criteria were excluded. The EUS investigation was performed with the Olympus GF-UM 160 system using frequencies of 5, 7.5, 12 and 20 MHz. Once again, patients had to fast for at least 6h before the procedure. According to their immediate clinical condition, the patients were pre-treated with singledose midazolam (1-3 mg IV) and butylscopolamine (20 mg IV). During EUS investigation, the duodenum and radial EUS probe balloon were instilled with gas-free water to obtain as clear an ultrasound image as possible. The common bile duct was investigated from two basic positions. In the first -apical -position, the EUS probe is located at the apex of the duodenal bulb. The second position, from the region of the papilla of Vater, enables examination of a larger portion of the common bile duct. When interpreting EUS images, the common bile duct diameter was measured with a cursor in its proximal and distal halves, the presence of heterogeneous contents in the common bile duct was assessed and the condition of the papilla of Vater was determined. The head of the pancreas was examined from the apex of the duodenal bulb, from the region in the descending duodenum opposite the papilla of Vater and distally from the region below the papilla of Vater.
The fourth working group carried out ERCP with the Olympus TJF -160 R duodenoscope within 24h of the patients' admission to our department. Prior to ERCP, blood count, coagulation parameters (INR and aPTT) and biochemical test results were available, and none of the patients had undergone ERCP with papilla sphincterotomy in the past. As in the case of EUS, patients were premedicated (midazolam IV, butylscopolamine IV). The papilla of Vater was cannulated using a wire-guided papillotome. Cholangiography of the extrahepatic and intrahepatic bile ducts was performed using the Telebrix 300 meglumine iodinated contrast medium. In five patients with a history of allergy, Omnipaque, a nonionic, monomeric, tri-iodinated water-soluble radiographic contrast agent, was used instead. All patients had their bile duct inspected with a Dormia basket or balloon. No cases required either duodenal biliary or nasobiliary drainage.
Following ERCP, the investigated and treated patients were hospitalized at our department, in both the normal ward and, if necessary, the intensive care unit.
The likelihood of choledocholithiasis was evaluated using clinical, laboratory and radiographic criteria. The low-risk group comprised patients with normal liver test results, a bile duct diameter of ≤ 7 mm and no history of cholecystolithiasis. The moderate risk of detection of choledocholithiasis was in patients with a history of acute cholangitis or biliary pancreatitis and/or recorded increased liver test values and/or present bile duct dilatation of 8-10 mm. The high-risk group included patients with a recent history of an episode of acute cholangitis or pancreatitis, jaundice or more than double increase in ALP and/or bile duct dilatation of ≥ 11 mm. Subsequently, the groups were followed to detect the actual presence of bile duct stones using TUS, EUS and/or ERCP.
ERCP was established as the gold standard for examining the extrahepatic bile duct. The common bile duct was considered dilated if the largest diameter exceeded 6 mm in patients both with and without previous cholecystectomy. Positive pathological findings in the common bile duct included macro-and microlithiasis as well as bile sludge. The results were statistically processed at the Department of Medical Biophysics, Palacký University in Olomouc with the Statistica CZ 6.0 software and a statistical significance level of 0.05. Endosonography versus endoscopic retrograde cholangiopancreatography in diagnosing extrahepatic biliary obstruction 
RESULTS
In the group of 100 patients, cholestasis was icteric in 66 patients (66%, mean age in the group 63±12) and anicteric in 34 patients (34%, mean age in the group 61±14).
A total of 49 patients (49%) had other diagnoses than choledocholithiasis -common bile duct stenosis (24 patients), pancreatic cancer (12), chronic pancreatitis (5), tumor of the papilla of Vater (5), pancreatic cysts (2) or acute pancreatitis (1). Of those, 31 (63.3%) were in the icteric cholestatis subgroup and 18 (36.7%) in the anicteric subgroup.
In 37 patients (37%), the bile duct was not dilated. Of those, 24 (64.9%) were in the icteric cholestatis subgroup and 13 (35.1%) in the anicteric subgroup. Choledocholithiasis was present in 9 (24.3%) of them; the remaining 28 (75.7%) patients were free from choledocholithiasis. Complications during and following ERCP were noted in 5 (5%) patients and were as follows: irritation of the pancreas (2 cases), bleeding from the papilla of Vater after papilla sphincterotomy (2) and acute pancreatitis (1) . No complications were recorded either during or after EUS which makes this imaging method more beneficial than ERCP.
As for the risk of choledocholithiasis, 22 (22%) patients were in the moderate-risk group and 78 (78%) in the high-risk group. None of the patients belonged to the Endosonography versus endoscopic retrograde cholangiopancreatography in diagnosing extrahepatic biliary obstruction low-risk group. Lithiasis was confirmed in 6 (27.3%) patients from the moderate-risk group and in 45 (57.7%) from the high-risk group. The prevalence of lithiasis was statistically significantly higher in the high-risk group than in the moderate-risk group (p=0.012).
Complete laboratory results compared with the risk of choledocholithiasis are summarized in (Fig. 1,2 ). In the subgroup of patients with a high risk of choledocholithiasis, the median values of individual laboratory markers were higher in all cases.
The comparison of transabdominal ultrasonography and ERCP for diagnosing bile duct dilatation (Fig. 3) The two examination methods gave simultaneously positive results in 25 (25%) patients and simultaneously negative results in 41 (41%) patients; in 34 patients (34%), the results were not identical. The results are shown in (Table 1) .
The comparison of radial EUS and ERCP for diagnosing bile duct dilatation (Fig. 4,5) .
The results were simultaneously positive in 46 (46%) patients and simultaneously negative in 37 (37%) patients examined by the two methods. No agreement was found in 17 (17%) patients. The results are shown in (Table 1) .
When diagnosing bile duct dilatation, radial endosonography was significantly more sensitive (84%) and accurate (83%) than transabdominal ultrasonography (46% sensitivity and 66% accuracy), i.e. p=0.001 and p=0.006, respectively. There was no significant difference in the specificity of the two methods (p=0.218).
The comparison of transabdominal ultrasonography and ERCP for diagnosing pathological content of the bile duct.
The two methods yielded simultaneously positive results in 16 (16%) patients and simultaneously negative results in 48 (48%) patients; in 36 patients (36%), the results were not identical. The results are summarized in (Table 2) .
The comparison of radial EUS and ERCP for diagnosing pathological content of the bile duct. (Fig. 4,5) The results of the two examination methods were simultaneously positive in 43 (43%) patients and simultaneously negative in 49 (49%) patients. No agreement was found in 8 (8%) patients. The results are shown in (Table 2) .
Also when diagnosing pathological content of the bile duct, radial endosonography was statistically significantly more sensitive (88%) and accurate (92%) than transabdominal ultrasonography (33% sensitivity and 64% accuracy), p<0.0001. In this case too, there was no significant difference in the specificity of the two methods (p=0.641).
A comparison was performed of TUS together with radial EUS and ERCP. In the first case, a positive finding was defined as one confirmed by at least one of the methods, i.e. TUS or EUS (Table 3,5 ). In the second case, a positive result was one shown by both methods (Table  4,6 ). Once again, the analyses were made for diagnosing both bile duct dilatation (Table 3,4) and pathological contents of the bile duct (Table 5,6 ). The results are summarized in the respective tables. DISCUSSION EUS examination is a minimally invasive method providing high-quality images of the biliary tree, with premedication similar to that in ERCP and the incidence of complications equal to that in esophagogastroduodenoscopy. Multicenter studies claim a zero risk of more severe complications such as pancreatitis 2, 17, 21, 24, [26] [27] [28] . However, EUS cannot replace ERCP due to unavailable therapeutic procedures.
In addition to the aforementioned advantages of EUS (high sensitivity and specificity, simple performance and interpretation of results, detection of unrecognized microlithiasis, no or minimal complications, absence of radiation), the method is also ideal for use in patients allergic to contrast media or pregnant women. Furthermore, bile duct examination may reveal coexisting pathologies of the pancreaticobiliary region potentially causing biliary obstruction. Apart from choledocholithiasis, these include tumors of the papilla of Vater, pancreatic head cancer, pancreatic cysts and pseudocysts, cholangiocarcinoma or congenital anomalies 29 . The method is potentially limited by the investigator's practical skills and experience. However, diagnosing gallstones does not require a high level of skills. The existing data show that more than 150 EUS procedures have to be performed under supervision to gain practical experience in all areas of EUS (ref. 30, 31 ). The presence of gallstones in the common bile duct may be predicted using numerous clinical, laboratory and radiographic criteria 32 . Patients in the low-risk group have normal liver test results, a bile duct diameter of ≤ 7 mm and no history of cholecystolithiasis. In this group, the risk of detecting lithiasis in the common bile duct is 2-3%. The group with a moderate risk of detection of choledocholithiasis includes patients with a history of acute cholangitis or biliary pancreatitis and/or recorded increased liver test values and/or present mild dilatation of the bile duct (8-10 mm) . In this group, the risk of choledocholithiasis is increased to 20-50 %. The high-risk group patients have a recent history of episodes of acute cholangitis or pancreatitis, jaundice or doubled levels of ALP and/or bile duct dilatation of ≥ 11 mm. In such cases, the risk of choledocholithiasis is 50-80%. Given this stratification of the risk of choledocholithiasis and potential complications connected with ERCP, EUS should be preferred in patients with a low or moderate risk of choledocholithiasis and ERCP in those with a high risk. Despite the above-mentioned criteria, about one third of potential patients in the high-risk group undergo unnec-7 Endosonography versus endoscopic retrograde cholangiopancreatography in diagnosing extrahepatic biliary obstruction essary ERCP. This led some authors to a more liberal attitude to the use of radial EUS in patients suspected of choledocholithiasis 33 . This results in significant clinical and economic benefits when compared to the wasteful use of more invasive examination methods.
A similar study concerned with the comparison of radial EUS and ERCP was published by Polkowski et al. 34 . These authors carried out a prospective study in 100 patients divided into two subgroups of 50 individuals. Each subgroup was primarily examined using either endosonography or ERCP. If stones were revealed by radial EUS, therapeutic ERCP was performed and either the unsuccessful examination was repeated or, based on the symptoms, the other examination method was selected (i.e. EUS after unsuccessful ERCP or ERCP after unsuccessful EUS). The risk of moderate to severe complications was not statistically significantly different in the two subgroups. Gallstones were found in 14 patients from the EUS group and in 12 ERCP patients. The overall numbers of diagnostic and therapeutic endoscopy procedures performed during a one-year study period were not significantly differ. The authors concluded that EUS should replace diagnostic ERCP in patients with a moderate risk of choledocholithiasis. EUS should be followed by ERCP selectively in patients with confirmed choledocholithiasis.
Another method that can be used for examining the bile duct is magnetic resonance cholangiography (MRCP), beneficial especially for its noninvasiveness and absence of radiation. Thus, MRCP may be used in patients with a low to moderate risk of choledocholithiasis and with contraindicated endoscopy. However, the equipment is rather expensive and, as in the case of radial EUS, the result depends on the investigator's experience. The resolution of magnetic resonance imaging (MRI) is somewhat lower than that of EUS (0.1 vs. 1.5 mm), resulting in lower sensitivity in the detection of small stones. According to the literature, MRI has the sensitivity of 97.5-100%, specificity of 72.7-100%, positive predictive value of 62.5-100% and negative predictive value of 81.1-100% for the detection of bile duct stones 35, 36 . In patients with the narrow bile duct and minute stones, the MRI sensitivity drops to 40-60% (ref. 36 ). Finally, we would like to turn the attention to the not insignificant financial burden of these examination methods. This is supported by several articles concerned with detailed analyses of the economic aspects of the use of TUS, EUS, MRCP and ERCP (ref. 37 ).
CONCLUSION
For its high sensitivity and specificity, ERCP was considered the standard to which the results of our investigations were compared. In the diagnosis of bile duct dilatation, radial EUS is a method with significantly higher sensitivity and accuracy than transabdominal ultrasonography. When diagnosing pathological content of the bile duct (lithiasis), radial EUS is once again significantly more sensitive and accurate than TUS. On the other hand, the specificity of detecting dilatation and pathological content of the bile duct were not significantly different.
The study of the benefits of EUS in patients with the extrahepatic bile duct obstructed by choledocholithiasis showed 87.8% sensitivity, 96.1% specificity and the positive and negative predictive values of 95.6% and 89.1%, respectively. The results for our group of patients are consistent with those reported in the literature.
Our suggestion is that in patients with a high risk of choledocholithiasis, conventional therapeutic ERCP should be the method of choice. However, if the risk is mild to moderate, EUS should be preferred to ERCP or elective cholecystectomy.
